Abstract--Mineralogy, O18/O 16, and D/H ratios have been determined in five size fractions (<0.1,0.1-0.5, 0.5-1.0, 1.0-2.0, and >2.0/zm) of seven samples taken from 500 m of Pleistocene deep-sea sediments cored at Deep Sea Drilling Project Site 180 in the Aleutian Trench. The depositional age of the samples spans the last 300,000 years; the samples have been interpreted by others to be continental detritus weathered from a mixed igneous, metamorphic, and sedimentary source area and then deposited by ice-rafting and turbidity currents. The minerals present are quartz, feldspar, illite, chlorite and/or non-expandable vermiculite, and expandable vermiculite and/or mixed-layer iUite/expandable vermiculite. The relative amounts of quartz, feldspar, and total clay vary with particle size, but are nearly constant from sample to sample for a given particle size. 80 is values of the four coarser size fractions range from +9.7 to + 12.0%~ with variations attributable to changes in quartz/feldspar and clay/(quartz + feldspar) abundances. Values of 80 is for the expandable vermiculite-rich <0.1-/.tm size fraction range from + 12.1 to + 16.3%o which indicates some oxygen isotope exchange at surface temperatures between meteoric waters and the parent rock during vermiculite formation. Values of 8D range from -46 to -74%0 with variations attributable to changes in amounts of different clay minerals present. There is no mineralogic or isotopic evidence ofpost-depositional reactions in the coarser size fractions, but a general change in 6D of the vermiculite-rich, <0.1-/zm size fraction from about -50%~ to about -70%0 with increasing depth may be due either to post-depositional isotopic exchange or to climatic changes in the terrestrial weathering environment.
INTRODUCTION
The potential use of O18/O16 and D/H ratios of silicates as provenance indicators has been recognized since the first detailed study of oxygen and hydrogen isotopes in sediments was made by Savin and Epstein (1970a , 1970b , 1970c . R. N. Clayton and M. L. Jackson and their colleagues published a series of papers (e.g., Clayton et al., 1972; Churchman et al., 1976; Mokma et al., 1972) detailing the variation of 8018 of aeolian quartz with particle size and geography. Lawrence (1979) used 8018 to decipher source areas of Recent sediments in the south Atlantic Ocean. The present study incorporates detailed mineralogy and 8D data with 6018 data of several grain-size fractions of deep-sea sediments. The emphasis in this paper is on: (1) how grain size is critical to the interpretation of 6018 and 8D in a multicomponent detrital sediment; (2) how diagenesis is relatively unimportant in controlling the 60 ~8 and 8D 1 Hawaii Institute of Geophysics Contribution 1126. z Present address: Cities Service Company, P.O. Box 3908, Tulsa, Oklahoma 74102. of these sediments; and (3) how ~iD of the sediments might complement mineralogy and 8018 in defining the nature of the source area.
The samples for this study were taken from Deep Sea Drilling Project (DSDP) cores from site 180, Leg 18, in the Aleutian Trench (Table 1 ). The sediments have been interpreted to be continental detritus transported to their depositional sites by ice-rafting and turbidity currents . Hayes (1973) demonstrated that the clays in the Aleutian Abyssal Plain are dominated by a complex assemblage of detrital, wellcrystallized, terrigenous chlorite, mica, and vermiculite plus some mixed-layered clays. A study (Slatt and Piper, 1974 ) of heavy and light minerals of sands and coarse silts in Site 180 and nearby DSDP sites indicated two source areas: (l) pyroxene-rich sands, with lithic fragments of volcanic and sedimentary rocks, were eroded from the Alaska Peninsula and south-central Alaska; and (2) an altered-grain assemblage, with lithic fragments that include metamorphic and plutonic components, was eroded from southeastern and south-central Alaska. Figure 1 . X-ray powder diffraction patterns of the <0.1-t~m size fraction of sample G. All patterns are from preferentially oriented slurry mounts. A = ethylene glycol; B = K-saturated; C = K-saturated followed by ethylene glycol.
ANALYTICAL TECHNIQUES
The samples were dispersed and treated to remove carbonates, noncrystalline and organic matter, and free iron oxides by the methods of Jackson (1974) . The samples were then separated by centrifugation techniques into <0.1-, 0.1-0,5-, 0.5-1.0-, 1.0-2.0-, and >2.0-/zm size fractions. Each size fraction of each of the seven samples was examined by X-ray powder diffraction (XRD) using a Norelco XRD-7 diffractometer equipped with a single crystal monochrometer using CuKa radiation. Randomly oriented powder mounts were prepared and scanned from 33 ~ to 18~ Quantitative estimates of the amounts of quartz, feldspar, and total "clay" (phyllosilicates) were made by measuring peak heights and using the method of Schultz (1964) . The precision of these measurements is estimated to be about -+ 10% of the amount present. Preferentially oriented sample mounts were prepared by dispersing a small amount of sample in distilled water and allowing the dispersion to evaporate on a glass slide. These slides were scanned from 33 ~ to 2~ both before and after saturation with ethylene glycol. Peak heights were measured for those samples that had been treated with ethylene glycol so that relative intensity ratios could be determined. Peaks used were expandable clays (5.1~ = 17 •), illite (8.9~ = 10 /~), and chlorite (12.2~ = 14 A). The <0.1-/zm size fractions were Ksaturated and X-rayed before and after solvation with ethylene glycol to check for the presence of vermiculite.
Oxygen was extracted from the samples by reacting the samples in vacuum with fluorine at 550~ (Taylor and Epstein, 1962) after first placing the samples in a drybox and then outgassing at 250~ to eliminate interlayer and adsorbed water (Savin and Epstein, 1970a) . The extracted 02 was converted quantitatively to CO2 and the gas analyzed on a mass spectrometer. Hydroxyl hydrogen was expelled as H~O by heating the sample up to 1300~ after removing interlayer and adsorbed water by heating under vacuum for about 24 hr at 250 ~ 300~ Hydrogen was formed by reacting the H20 vapor with uranium (Godfrey, 1962) , and the D/H ratio was determined using a mass spectrometer (Friedman, 1953) . The ~O is values are based on single analyses; from past experience, the standard deviation is probably better than 0.2%~ Most of the samples were analyzed twice for D/H and the precision of these analyses is ---2%~ All of the analyses presented here are in the usual notation and are relative to Standard Mean Ocean Water (SMOW) (Craig, 1961) .
RESULTS AND DISCUSSION
The interpretation of the clay mineralogy is similar to that made by Hayes (1973) and will not be discussed at length here. Figure 1 shows "oriented" XRD patterns of the <0.1-/zm fraction of sample G which is representative of the other samples. Briefly, the peak positions shown in Figure la (Taylor, 1968) , metamorphic (Garlick and Epstein, 1967) , and sedimentary (Savin and Epstein, 1970c; Churchman et al., 1976) rocks. Columns one and two show how 8018 varies with the amount of feldspar in the feldspar + quartz component and total clay component, respectively. The highest 8018 values are from the clay-rich, <0.1-/zm fraction, except for sample E, and the lowest 6018 values commonly occur in the feldspar-rich, but clay-poor, 0.5-1.0-tzm size fraction (column one, samples C, D, F, and G). That the ~O 18 values of the coarser size fractions of samples A, B, and E do not vary significantly with size fraction may be due largely to a fairly constant feldspar/quartz ratio in each size fraction, but it may also reflect a greater quantity of sediment derived from an igneous and/or high-grade metamorphic terrain rather than from a sedimentary and/or lowgrade metamorphic terrain. The ~O TM values of coexisting quartz, feldspar, and phyllosilicates weathered from high temperature rocks would form a smaller cluster than 60 TM values of those weathered from low temperature rocks (Taylor, 1968) .
There is no consistent trend of 80 TM with depth in even the finest size fractions in these samples. Thus, diagenesis is considered to be unimportant in its effect on the 80 TM of these samples. Yeh and Savin (1976) reported a small, but measurable amount of oxygen isotope exchange between clay minerals and sea water. However, their samples were rich in clay minerals, and the sample that experienced the most exchange (minimum of 27% exchange for the <0.1-/xm size fraction of the 2,725,000 year old SCAN 29P sample) was very smectite-rich. Apparently, smectite is much more susceptible to oxygen isotopic exchange than illite and Columns three and four of Figure 2 summarize the variations of clay mineralOgy and 6D with size fraction and sample depth. The data indicate that 17-A material (expandable vermiculite and/or mixed-layer illite/expandable vermiculite) increases with decreasing size fraction (column 4). Also, 14-/~ material (chlorite and/ or non-expandable vermiculite) generally increases with increasing size fraction at the expense of 10-A material (illite) in samples A, B, F, and G, but remains about the same or changes erratically in samples C, D, and E (column 3). The ~D values vary both with size fraction and, for the <0.1-/~m size fraction, with depth. Columns 3 and 4 indicate that, at all depths, 6D decreases (becomes more negative) with increasing abundance of 10-,~ material, which is usually most abundant in the 0.1-0.5-~m size fraction and, in the samples from the deeper parts of the hole, 8D decreases with increasing amounts of 17-]k material, which is most abundant in the <0.1-/~m size fraction. Thus, the ~D of a given size fraction can be thought of as a mixture of 3 components: (1) low 6D (<-60%~) 10-~ material; (2) high ~D (>-60%o) 14-A material; and (3) 17-A material which generally increases from <-65%o near the bottom of the hole to >-55%o near the top of the hole. There is no unique interpretation to this data. The 8D of a phyllosilicate has been shown to increase with increasing crystallization temperature, increasing BD of water present during crystallization, and decreasing Fe/ (A1 + Mg) in the octahedral lattice sites (Suzuoki and Epstein, 1976) . Thus, the differences in 6D values among the coarser size fractions could be attributed to 10-A material that is more Fe-rich and/or that formed at a lower temperature than the 14-A material. For samples such as A and D, for which the ~D changes significantly with size fraction in the coarser size fractions, but for which the 10 A/14 ~ ratio does not change, the difference in ~D values might be due to a high concentration of high-temperature 2M illite polytype in the coarser size fractions versus a high concentration of low temperature 1Md illite polytype in the finer size fractions. Such variations with grain size in the ratio 1Md/2M of illite polytypes have been documented in shales (Velde and Hower, 1963) . Figure 3 shows that, except for sample E, there is a general decrease with depth of the 8D of the <0.1-/zm size fraction. Small variations of SD with depth in other deep-sea samples have been interpreted to be due to isotopic exchange between clay minerals and sea water (Yeh and Epstein, 1978) . However, those measurements were made on <0.1-tim, smectite-rich, 2-3 m.y. old sediments, and the 8D values showed an increasing trend with depth (Yeh and Epstein, 1978) , rather than a decreasing trend with depth as at Site 180. This, plus the facts that sample F does not fit the trend of decreasing 8D with increasing depth and that there is no evidence for post-depositional oxygen isotopic exchange in the <0. l-/zm size fraction, suggests that some factor other than post-depositional isotopic exchange may be responsible for the variation of 8D with depth in the <0. l-p,m size fraction. The alternative is that the 8D variations are inherited from the source area. The average 80 TM value of + 14%o for the expandable vermiculite-rich, <0.1-/~m fraction dictates via mass balance that the 80 TM value of the pure expandable vermiculiterich component would be more positive than + 14%~. Such a value is incompatible with an OlS/O ~6 ratio inherited entirely from an igneous (Taylor, 1968) or metamorphic (Garlick and Epstein, 1967) ferromagnesian parent mineral and thus suggests an approach toward oxygen isotopic equilibrium at surface temperatures between meteoric waters and the newly-formed vermiculite weathering product. If the oxygen isotopes approached equilibrium in the weathering environment, it is not unlikely that the hydrogen isotopes also would have done so. The degree to which isotopic equilibrium between the vermiculite and meteoric water may have been approached is impossible to evaluate because the 8D of the meteoric water is unknown and the hydrogen isotope fractionation between vermiculite (or even smectite, cf. Yeh and Epstein, 1978) and water is poorly known. However, it is possible that the general increase in ~D of the <0.1-/~m fraction from about -70%0 to about -50%~ may reflect a climate-induced increase through time in the average 8D of precipitation in the source rock areas. A test of this hypothesis would necessitate: (1) acquiring fairly pure 17-A vermiculitic material, possibly by making size-cuts smaller than <0.1-p.m; (2) determining Fe/(AI + Mg) of the material to estimate the extent to which chemical changes affect the 8D trends; and (3) determining ~D of closely-spaced samples to determine to what extent 8D fluctuations correlate with established Pleistocene temperature curves, making the assumption that deposition in the Aleutian Trench occurred not long after weathering and erosion from the source areas.
In summary, ~O TM and 8D values of these sediments are not affected by diagenesis, but they are strongly dependent on the mineralogy, and thus the size fraction, that is analyzed. The 80 TM and 8D values are compatible with a mixed igneous-metamorphic-sedimentary source area, and though this study did not attempt to define the locality of the source area as Slatt and Piper (1974) did using heavy mineral data, the 8D data show sufficient variation with size fraction, and thus with mineralogy or environment of formation, to warrant the consideration of 8D values as a provenance tool, perhaps as useful as 80 TM values.
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